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PHENOLOGY OF THE TIMBER RATTLESNAKE (CROTALUS HORRIDUS) IN AN

UNGLACIATED SECTION OF THE APPALACHIAN MOUNTAINS

WILLIAM H. MARTIN

SHENANDOAH. NATIONAL PARK
LIBRARY

ABSTRACT: Aspart of afield study on the ecology and biology of the timber rattlesnake (Crotalushorridus), sessond activity wasdocumented over a
17-yr period in an unglaciated section of the Appalachian Mountains centered in northwestern Virginia. Duration of hibernation averaged 6.7
months. Sporadic basking usually began from late March to mid-April with generd emergence from hibernation during late April or early May.
Springtimeobservationsof adultsat thedens peaked on 6 May, 3 daysahead of that for young-of-the-year andjuveniles3yrsoldor less Mating
occurred from lateJuly to mid-September. Females spent gestation near favorably exposed rocks usual ly located within 500 m of over-wintering dens.
Parturition occurred from August to early October. Postpartum fema es stayed with their litters 7-10 days, and neonates usual ly molted within 8-16
days after birth and then dispersed. Peak ingress occurred from late September to mid-October. Various factors, including endogenous rhythms,
short-term and long-term weather trends, and photo period, control and influence the different seesond activities.

INTRODUCTION

Thetimberrattlesnake, Crotatushorridus,isamoderately
large (adults usualy 85115 cm tota length), long-lived, late
maturing (511 yr at first reproduction), viperid of the
hardwood forests of eastern North America. In theAppala
chian Mountains over one-haf of the year is spent in
hibernation. Temperatures and amount of sunlight are
often below optimum even during the summer. Activity
patterns are highly seasond.

Although some phenologicd data can be gleaned from
many studies, until now (Brown, thisvolume) thereareno
studiesof seasond activity comparabletothoseavailablefor
C. viridisin western North America(Fitch, 1949; Diller and
Wallace, 1984; Duvall et d., 1935, Gannon and Secoy, 1985
Macartney,1985); S strur uscatenatus(Sagd , 1986); Agki stro-
doncontortrix(Fitch, 1960), or Viperaberusof Europe(Saint

‘Girons 1952 Duguy, 1963, Naulleau, 1966, Saint Gironsand

Kramer,

1963, Viitanen, 1967, Prestt, 1971; Saint Girons,
1952 Phelps, 1978, Andren, 1932, Nilson, 1980).

In this paper | examine seasond activity patterns aso-
ciated with: 1) hibernation: includingingressand emergence
patterns at the overwintering dens; 2) summer dispersd,
including movements of juveniles, adult males, and adult
females, and 3) reproduction, including the timing of mating
and parturition.

METHODS

Study Area

This study was conducted in Shenandoah National Park
inthe Blue Ridge M ountai nsof northwestern Virginia (38
3 Nlat., 78-79° Wlong.) andinnearby sectionsof Virginia,
West Virginia, Maryland, and south-central Pennsylvania
(37-40° N lat., 77-80° W long.). The study area (Fg. 1) isin
the Appalachian Mountains and is located about mid-way
between the northern and southern limits of the species
range within the Appaachians. Theregion is characterized
by heavily wooded northeast-southwest trending ridges
separated by agricultural valleys. Rattlesnake life centers
around communal dens and birthing rookeries to which
individua rattlesnakes show high fiddity (of 64 spring and
fall recapturesmadeon snakesthat wereinitially captured
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Fg. 1. Study area. Small inset map shows current range of Crotalus
horridus. Arrow on inset map points towards study area. Solid drdes
indicate study Stes.

inthespringandfall, only onehad switched dens- ayoung
adult femalefirst marked as a3-yr old juvenile moved 2.1
km). Dens were located in ledges talus, and scree of
sandstones, quartzites, granites, gneisses, and metabasalts
at elevations from 200-1200 m. Steep dopes of 3045 degrees
where the winter sun srikes nearly perpendicularly were
favored. Denswereof threebasictypes: 1) fissureor fissures
in a ledge, 2) bare rock talus or scree (talus refers to an
accumul ationof rock below acliff, and screetoanaccumul a-
tion of rock on adopeand not associated with acliff), and 3)
talus or scree partly covered with soil. Some dens were a
combi nati onof thesetypesand someden-col oniesexhibited
a diffused hibernating pattern with snakes over-wintering
singly orin smal groups in crevices, under dabs, or in small
patches of rock spread out over a hectare or more. Within
the study area | confirmed the location of hibernating
crevices & 115 of 153 den-colonies where rattlesnakes were
found in the spring or fall. Of these 153 sites, one faced due
north, two faced due east, 10 faced northwest, and the
remaining 140 faced in southerly or westerly directions
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the summer monthsat an additional 85 probable den sites
which | did not check in the spring or fall. Of the 115
confirmed hibernacula, 47 were located in heavily shaded
locations. All, however, were located within 500 m of well
exposed basking areas. Den spacing averaged 168 km
(range, 0.25-4.5) for 99 Shenandoah (Virginia) densand 0.95
km (0.35-32) for 19Catoctin(Maryland) dens. Total popul a-
tionsat the 10 largest densin the areawere estimated by
mark-recapture to be comprised of 120-200 snakes each.
Popul ationsof most denswerebelieved to rangefrom 30-60
snakes. Dens were sometimes shared with lesser numbers
of the northern copperhead (Agkistrodon contortrix mokasen)
and several speciesof non-venomoussnakes, with theblack
rat snake (Elaphe obsolete obsoleta) being the most frequent
of these.

Theclimatein thisregion istemperatewith precipitation
fairly evenly distributed through the year but droughtsdo
occur occasiondly. Mean daily maximum and minimum
temperatures for Shenandoah National Park Headquarters
a Luray, Virginia, a 366 m, are 292 and 149° C,
respectively, for July and 58 and -7.0° C, respectively, for
January. Corresponding temperatures for Big Meadows,
Virginia, near the center of Shenandoah Nationa Park, at
1077 m, are 239 and 14.4° C forJuly, respectively, and 19
and -7.7° C, respectively, for January (Table 1). Annua
precipitation averages 1044 cm for Luray and 1295 cm for
Big Meadows. The duration of the frost-free seeson is 155
165 days for these two gtations and ranges from 140 to 180
days throughout the study area (USDA, 1941).

A continenta high is the mgjor influence on the weather
from October toMay. Thegroundisusually frozenfromlate
December to early March, and snow cover is often present.
The continenta high beginsweakeningin May. From early
June until early September the major influence on the
weather is the Bermuda high which brings warm moist
Gulf air with frequent thunder storms.

. Thetherma gradient reverses in October as soil tempera-
tures near thesurfacefall below 10-12° C. Themiddlelayers
(around 45cm) are usually thewarmest (around 15° C) and
are interposed between cooler layers. By January and
February temperatures at depths of 30-50 cm usually range
from 1-6° C. The 0° C isotherm usually reaches 45 cm (its
deepest leve) in February during most years. Basetempera
ture (degpground temperatures below 3 m and large springs
and caverns) correlateclosdly with meanannual temperature
whichin the study areais about 10-12° C. A partial reversa
of the thermal gradient occurs in March when the surface
layers exceed 8° C and are warmer than the middle layers
but still usually cooler than the base temperature of 10-12°
C.BylateMarchorearly April, surfacetemperatureswarm
to 11° C or more and 80-100 cm levelsreach 5-7° C. Inlate
April or early May, the 1011° C isotherm penetrates to
about 45 cm. Soils become nearly isothermal in May at
temperatures of 1012° C (Table 1).

Study Procedures

. Sampling was non-destructive. Snakes found dead-on-
the-road or brought to me dead were dissected. Field work

was conducted mainly from April 1973 to October 1989 with

additional observations during 1956-1971 and 19901991

Themost i ntensivesamplingwasduring spring emergencec,b

in late April to mid-May and again at birthing timein lat
August and September when field trips averaged one every
second day, with the weather usually determining the
schedule. Snakes were sexed, measured (snout-base of
rattle),andmarkeduniquel ywithanumberinindeliblei nk
on the basad segment of therattle. Sampling was usually
limitedtodayswithtemperaturesof 15-30° C. Partly cloudy
days were favored for sampling. One den was visited 36
timesin 1974 but after noting increasing difficulty finding
snakeson successivevidits, | usually limited the number of
visits per den site to 14 per year. In order to minimize my
effect on the behavior of the snakes, most dens discovered
after 1985 were reserved for phenologica observations only
and no snakes were captured at these dens. The number of
field days during the period 1973-1990 averaged 59 (range,
-112) per year, and the number in my primary study area
averaged 45 (range, 8-82) per year. Fidd days in the study
region totaled 981 with monthly totals asfollows: March (5),
April (87), May (214). June (129), July (151), August (159),
September (139), October (92), November (10). A totd of 5926
rattlesnakes, including 1372 neonates, was examined in the
field duringthe study. Toavoid unnecessary biases, samples
from the dens, theroads; and thosefound incidentally inthe
woods away from the dens, were examined separately.

In order to obtain relevant ecologicd data, | adapted a
phenologica cdendar based on principas used by agri-
culturalists (Hopkins, 1933). The system is based on the
movement of the sun's azimuth 15 a day (about 24 km) and
on the adiabatic lapse rate and its influence on the upward
movement of thevegetation lines an averageof 40(10-100) m
per day in the springand 50 m per day in thefall (Martin,
unpubl. data).

| examined the soil temperature and blooming records
from theWest VirginiaUniversity experiment farm located
at about 150 melevationinJefferson County, West Virginia,
dightly north of thegeographic center of my study area. Sall
temperatures were recorded daily from 19781989 a a depth
of 10 cm and sporadicaly at 30 cm. | also examined ol
temperature records from the Fruit Research Laboratory
located at Biglerville, Adams County, Pennsylvania, deva-
tion 200m near thenorthend of thestudy area. Weekly high
and low readingswere recorded for 1984-1989 at depthsof 20
and 45 cm. The United States Department of Agriculture
experiment farm located near the geographic center of the
study areain Frederick County, Virginia, 230 m, provided
blooming recordsfor gpplesand peaches. TheNational Park
Service provided temperature and precipitation records for
Luray and Big Meadows in Shenandoah National Park,
Virginia, and for Catoctin Mountain Park, in Maryland.

RESULTS

Onset of Hibernation

In autumn, most rattlesnakes were observed from 28
September to 18 October, with observations peaking on 6
October (Fig. 2). For nineof 13 years, thedatesfor thefirst
snakesseenintheden creviceswerefrom 26 September to2
October (Table 2). During 1983 and 1984, in spite of my
searching duringfavorableweather in that period, | found
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no snakes in the dens until 8 and 4 October, respectively.
First snakeswereseen in thedensin 1974 on 23 September,
andin 1986 | found two postmolt neonatesin den creviceson
7 September & a den a near 775 m elevaion. By 18
September 1986 rattlesnakes were returning to dens located
around 400 melevation.

Temperatures at Ingress

Autumn temperatures varied widely from year to year,
with lows during the week precedingfirst arrivalsranging
from-2t08° C, yet ingress usual ly began at about thesame
timeregardiessof theweather. Thehigh degreeof conformity
of dates of ingress between years suggests that a biological
clock is involved. During 1983 and 1984, when the snakes
were |late returning to the dens, emergence had been delayed
by cool and wet spring weather. In 1974, when the snakes
returned a little earlier than norma to the dens, a hard
freeze with lows of -2° C occurred on 23 September, about
three weeks earlier than the average date for a hard frost.
The fall of 1986 was the only time that ingress occurred
significantly earlier than average. An early emergence that
year was followed by a hot dry summer and then the first
cold fronts with scattered light frost began in late August.
With the exception of photoperiod, al indicatorsof fall were
present much before normal.

The mean date of ingress approximately corresponded to
the mean date that the temperature mean fell below 11° C.
This date dso corresponded dosdy with the mean date of
the firg killing frost (USDA, 1941).

. During most years, mogt of the snakes had arrived & the
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Fig. 2. Number (n = 426) of Crotalus horridus seen during the fall
(September-November) in overwintering crevices, within 10 m of
- overwinteringcrevices, or within the areaencompassed by overwinter-
ingcrevicesinmulti-crevicedens,forall yearscombined. Samplewas
broken down by sex and age-class. Snakesthat showed lessthaneight
marks wereconsideredjuveniles. Femadesandneonatesseenat birthing
rookeries are not included.
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Fg. 3. Number (n = 1736) of Crotalushorridusseen at the densand
away fromthedensinthespring(March-May) foral yearscombined.
Snakes in overwintering crevices, within 10 m of overwintering
crevices, or within the area encompassad by overwintering crevices in
multi-crevice dens, were conddered to be at the den.

dens by 16 October and any snakes seen after that date were
usudly in or next to den crevices. However, in 1983 when
the snakes were late coming into the dens, | found five
rattlesnakes at the edge of the woods adjacent to aden on 28
October. Thelatest date on which | found arattlesnakeon a
road was 20 October.

Individual snakes apparently do not usualy stay on the
surface for long after arrival at the dens. With the exception
of postpartum femalesand premolt neonates, only once did |
find the same snakeon follow-up visitsin thefall after more
than four days had egpsed. The latest dateon which | have
found arattlesnakewas’5 November, and nineof 13 snakes
sen in November were inside den crevices. | received
reports of rattlesnakes, usually solitary individuals, found
by deer or upland game hunters during mild weather in the
latefall and early winter, but my effortstofindrattlesnakes
at the dens were unsuccessful from mid-November to early
March. | speculate that most of the snakes reported during
this period were probably solitary hibernators using shallow
shdlters from which they were relatively easly roused by
the wesak winter sun.

The most productive fall days occurred during partly
cloudy weather with high temperatures of 20-27° C. The
best fall days were dightly less productive than the best
spring daysand considerably lessnumerous (Figs 2 and 3).
On the most productive fall day, 35 snakes (including six
young-of-the-year wereseen. Snakes were activeat alower
temperature in the fall than during other seasons. On 13
October 1974, | found three dead rattlesnakes on the road
with locd highs of only 16> C and the weather mostly
cloudy. Snakes were occasondly found basking at dens
withtemperaturesaslow as 11° C and crossingroadsa 12° C.
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Tablel. Airandsoil temperaturesindegreesCforthestudy area. Meanmonthly airtemperaturesarelistedfor L uray, PageCounty, Virginiaat 36!
m. and for Big Meadowsin Shenandoah Nationa Park, Virginia, at 1077 mfor the period 1973-1980. M ean soil temperaturesat 45cmdepth arelist
for the Biglerville Fruit Station, In Adams County, Pennsylvaniaat 200 m for the period 1984-1989.

Month Luray Big Meadows Biglerville
High Low High Low ) Avg
1 58 70 17 78 14
2 63 -66 19 -78 08
3 24 -16 6.7 -16 32
4 183 30 129 30 74
5 235 80 178 80 120
6 217 130 24 130 168
7 2.2 149 239 149 20.7
8 287 142 231 142 211
9 248 104 202 104 183
10 200 4.3 139 43 130
u 133 03 ; 83 03 84
12 76 41 42 41 40

Table2. Dates of emergenceand ingressfor Crotalushorridus. Themedian date(mo/day)islisted for snakes seen at thedens. Dates of first and last
snakes seen in dens are shown in parentheses. Pesk emergence isestimated by the numbers and location of snakes seen. Full bloom dates for apple
treeswereobtained from the University of West Virginiaexperimental fruit station, inJefferson County, West Virginia Temperaturedeviationfrom
themean for the 19731990 period is shown in degrees C for Luray, Virginia Dashesindicatethat | was not in the study areaduring the appropriate
time. In 1976genera emergencewaswell-advanced by thetimel arrived at thestudy areaand in 197/8and 19/ | was not in thestudy areafor thefirst

part of emergence.

Emergence ;
Yr Apple T deviation Ingress
- med (range) pesk  bloom Feb-April med (range)
73 55 (4/30-6/2) 51 425 +0.2 1012 (1002-15)
74 53 (38525 429 427 - +03 106 (923-11/4)
6] 511 (B7-20) 514 - 58 -12 1011 (101-11/5)
76 4/24 (4/23-5/10) 418 415 +2.7 1013 (1013-16)
T 52 (416515 422 416 +12 101 (930-10/9)
78 518 (510-22) 510 54 26 -
7 59 (622 56  4/30 : -19 -
80 54 (418512) 54 54 -1.9 108 (9/29-10/9)
al 56 (331513 4/30 424 +06 1017 (105-21)
8 59 (416515) _ 55 52 04 102 (102-11/2)
83 56 (4/26-525) 56 53 +01 1028 (10/8-28)
(2] 512 (4/26-521) 512 56 03 1010 (10/4-18)
& 427 (45-5/7) ' 420 42 +14 101 (101-18)
& 4/29 (3/29-516) 429 425 +05 9/27 (97-10/9)
87 51 (330512 52 428 04 102 (926-1018)
8 57 (4/55/29) 57 5/3 +03 109 (930-1017)
4426 (3/29-5/22) 430 426 04 1016 (929-10/27)
€0 4/24 (3/14-6/2) 425 425 +23 106 (920-11/2)
* 54  (414-519) 52 428 109 (930-1021)
range (3/8-6/2) : @7-11/5)
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Only in 1976 did | have any indication that numbers of
snakesmay havefailed to arriveat thedens. Temperatures
| during the normal ingress period were considerably below
normal and continued below normal until mid-winter. On
thelast mildday, 16 October, withahigh temperatureof 12°
C, | found arattlesnakeon aroad 12 km from aden. Later
that winter, | got reports of three rattlesnakes found from
154 km away from dens during the months of November,
December, and February. Severd times during the study,
ingress was interrupted by a week or more of cold or even
snowy weather in early October, but mild weather resumed
in mid-to-late October and the snakes resumed themigration.
When the temperature range remained above normal
(lowsin excess of 8° C and highsin excess of 20° C), snakes
were sometimes found in the wooded areas adjacent to the
den where they apparently foraged before coming into the
den. On 13 19 22, 28 and 29 September, and 1. 3, and 9
October, | found rattlesnakes in wooded aress adjacent to
dens, where they were coiled In characterigtic ambush
podtions. On the later date two individuds were seen
moving into the woods from the den.

Ontogenetic and Sexual Differencesin
Timeof Arrival at the Dens.

Thetimeof arrivd at the dens and the time of goingunder
ground is not correlated with sex or age with one exception

(Fg. 2). Premolt neonates stay out at birthing rookeriesor

dens until they have molted or, in a few cases are forced
underground by cold before molting. During 1974, 1981,
1984, and 1980bi rthingwasdd ayedpastthenormal timeby
cool wetweatherinthespringor summer. Littersof premolt
neonates were found basking on 10, 14, 16, 17, 21, and 26
October during those years.

Differencesin Timing of Ingressdue to Elevation
| compared fall records of snakes at the lower dens of
200400 m with those a higher dens of 800-1200 m. Records
for 39 snakes a the lower dens peaked on 17 October and
ranged from 2-28 October. Records for 73 snakes at the
higher dens pesked on 28 September and ranged from 19
September to 11 October.

Depth of Hibernation

The depth at which rattlesnakes hibernate is poorly
known. On 15 April 1961, | excavated an apparent solitarily
hibernating adult female from adepth of about 25cm on a
south dope. Thelate Roy Sullivan (pers. comm.) stated that
at what isnow Brown M ountai n Overlook, thework crew of
which he was a member, dug up a rattlesnake den during
congtruction of Skyline Drive, the motorway through
Shenandoah Nationa Park. The den was sad to have been
uncovered on a west dope about 6 m into the hillsidein a
mixtureof shale, sandstone, and earth, and to have contained
about 20 adult rattlesnakes.

In four horizontal crevice dens that apparently lead to

overwintering chambersitispossibleto peer about 1-2m.
snakes were ever seen by me on visits from mid-

November to early March at those or other dens.

Thefrostline(0° Cisotherm) usually penetratesto about

45 cm (USDA, 1941) depth on level ground, but during the
extremely cold winter of 1976-77 the frost line may have
reached to about 80 cm (various unofficial sources). The
hibernating chamberinacommunal-ancestral den should
be below the maximum penetration of the frost line at a
depth of at least 83-120 cm on level ground. Frost linedepth
varies according to agpect, dope, and soil characteritics.

The minimum temperature that this snake can tolerate
has not been established. A captive that was accidentally
subjected to severd hours of -2.2° C subsequently thrived
for over ayear at which time he was released.

Length of Hibernation T

Onaverage, hibernation lasted 204 days(Table2) from 10
October to 1 May. For afew individuass, thetimein thedens
may have been aslittleas 170 days (28 October to 16 April) or
as long as 268 days (7 September to 2 June).

Firs Emergence

Some temporary emergence usudly occurred 1-8 weeks
before termination of hibernation and genera emergence
(Table 2). The number of snakes seen at a den during these
periods in March and early April ranged from oneto three. -
During 12 of 16years, fird snakeswere seen from 29 March
to 15 April but in 1983 and 1984, | found no snakes until 26
April. Only in 1974 and 1990 did | find snekes during the
firg hdf of March. 2

Temperaturesat First Emergence

High temperatures recorded on days of temporary emer-
genceranged from 20t0 28°C and lowsfrom 1 to 14°C. First
emergence was never observed on the first day that
temperatures were within this range, but occurred after
two to seven days of mild mostly sunny westher. On days
precesding generd emergence, | observed basking between
12001600 hr. The few snakes that came out early in the
year, apparently usualy returned to hibernating crevicesin
the late afternoon. During most years, first emergencewas
separated from generd emergence by fairly long periods of
inclement weather, but in 1977 first emergence and generd
emergence were apparently continuous and graded from
one into the other due to uninterrupted mild wegther.

General Emergence

The earliest date that | have found snakes moving awvay
from thedenswere 9 and 16 April. The median datefor dl
snakesfound a thedensin thespringwas6 May (Fg. 3) and
themean of theyearswas4 May (24 April-18 May) (Table2).
| subjectively estimated the date of pesk generd emergence
(based on thetimewhen | believe 50% of the popul ation was
on the surfaceand had | eft den crevices) for each year based
on the number of snakes | saw a and around dens and
basking areas. Themean of theyearswas 2 May (18 April to
14 May for different years).

Temperatures at General Emer gence

On days of generd emergence, low temperaturesranged
from 0-15° C and highs from 20-30° C. The wide range of
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weather conditions at general emergence suggests that
ambient air temperature plays a minor rolein triggering
emergence. The mean date of emergence corresponds with
themeandatethat the 12° Cisothermisreached. Whenthe
3-month average temperatures from February to April are
examined, a strong relationship is apparent (Table 2).
However, severd inconsistencies are noted in this table.
Emergence during the years of 1983, 1984, and 1983 was
later than we would have predicted from the 3-month
temperatures. This aberration is explained by weather
conditions. During those years, mostly cod (bdow 15°C)
cloudyweather occurredinearly M ayjust at thetimewhen
genera emergence was beginning or about to begin.

Duration of General Emergence

The duration of emergence (first and last snakes out) at
mid-€l evation dens(400-800m) rangedfromfourto40days
(Table 2). When day and night temperatures were high
(highsof 27-30° C and lows of 11-14° C) asin 1985 and 1990,
most snakesemerged and dispersed inabout four daysfrom
18t020April and23to26 A pril,, respectively. Whenday and
night temperatures werelow (highs of 6-25° C and lows of
0-9° C) andcloud cover high, emergencewasmuch prolonged
lastingfrom 19 April to 10May a most mid-elevationdensin
1987. Typicdly the period lasted about 1014 days a mid-
elevations with snakes on the surface on about haf of the
days whenever there was some sun and temperatures
exceeded 15° C. At the highest devations in 1990 generd
emergence apparently lasted from late April to extreme
early Junein contrast to four tofivedaysat low to middle
eeveions.

The duration of emergence depends not only on the
weather but on den characteristics. Snakes tended to stay
longer at dens that were well-exposed to the sun, especidly
if there were no other good basking habitats nearby.

Most emergence takes place between 09001800 hr. The
onsgt of emergence depends on the weather and on the
orientation of thedens. Snakesusual ly did not emergeuntil
the sun had reached the den entrance unless temperatures
were wel above average. During dear weather the rocks
may get too hot in the early afternoon arid the snakes often
exhibited a bimoda emergence pattern with the major
emergence occurring in the morning and a secondary
emergencelatein theday. During unseasonably hot weather
the snakes left the dens at or after sundown.

Difference in Emergence Due to Elevation

The bulk of my observations were at middle eevations
(400-800 m) where 87 of 152 dens werelocated. | compared
emergencedatafor thelower dens (200-400 m) with that for
the higher dens (800-1200 m). For 259 snakes found & the
lower dens for the March to May period, the peak occurred
on 1 May. Ealiest snakes were found on 16 March.
Excludinggravid females, thelatest any snakeswerefound
inthesedenswas20May. Eliminatingthe33gravidfemales
that werelater than that date, movesthepeak of chservations
to 30 April. Obsarvations on 208 snakesfound at the high
densranged from 2 May to 2Juneand pesked on 14 May.

Differencesin Timing of Emergence Due to .
Den Orientation

Generd emergence usually occurred first at the most
open, south-southwest facing dens. Emergence from east
and northwest facing dens of similar elevation ranged from
one to seven days behind the more southerly facing dens,
dependingontemperatures. General emergenceat anorth-
facing den wasdelayed 2-14 dayspast that of other densof
similar elevation that faced south or southwest.

One of the dens that experiences an extremely early
emergence faces east but is only 275 m in elevation and
snakes den in relatively shallow shdlters under dabs. A
southwest-facing den at 800 m elevation located among
large boulders has a consigtently later emergence than
othersof similar exposureand € evation; thelateemergence
is probably attributable to a later warming due to the
thickness of thelargeboulders under which theoverwinter-
ing crevices arelocated.

Differencesin Timing of Emergence
Due to Sex and Breeding Condition

No differencein timing of emergence between the sexes
was noted (Fig. 4). After mid-May the proportion of females
increased due mainly to gravid females moving to birthing
rookeries. Some individuds, especidly adult maes and
postpartum femaes left the den area on the first day of
emergence and apparently moved into the woods towards
summer range. On 28 April 1991, an adult malewasfound
13kmfromaden. On8May 1975 duringemergencetimein
ayear with alate spring (Table2), an adult malewasfound
crossngaroad 500mfrom theden. Temperaturerangethat
day was4-21° C. On 9 May 1988 apostpartum femalewas
found 12 km from the den.

Many snakes, especidly gravid femaes and non-post-
partum females, made considerable use of exposed shdlter
rocks that were used for basking in the mornings and
sometimes late afternoons. Especidly favored were those
dabs located on stegp southerly dopes exposed to the
perpendicular rays of the sun. These rocks provide shelter
from the hot noon sun and from cooling rains, and retain
heat during the night, protecting the snakes from the
occasiond frogts, and probably alowingthemtomaintaina
higher body temperaturethan they would otherwisebeable
to maintain. Although some of these shdlter rocks are in
open and exposed places, somearein partially shaded areas
but becausetressarejust beginningto leaf out at emergence
time, the sun is barely prevented from shining through.
Withinabout twoweeks, thetressarecompletely leafed out
and some of these shelter rocks are in the shade. Shelter
rocksthat were most heavily used in the spring werethose
located at thedensor within 100 m of thedens; thoselocated
upto3B0mdistant wereadsofrequently used. Theleafing of
trees may dso increase humidity and night-time tempera-
turesthus providingawarm blanket of air. InlateApril 1986
and 1990, the weather was so hot and dry that most of the
snakes either moved to summer rangeor to cooler northerly
dopesimmediately upon emergence.
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Fig. 4. Number (n = 1736) of Crotalus horridus seen in the spring
(March-May brokendown by sex and age-dass

Duration of Spring Basking Period
The number of snakes seen at basking rocks away from
theimmediate den area was about haf the number seen at
the dens through mid-May (Fg. 3). Sightings a basking
pesked in mid-May about a week behind sightings at
ﬂ?;ens;, and after mid-May exceaded those at the dens.

Denning Habits of Y oung-of-the-year
A substantial but unknown proportion of young-of-the-
year do not spend their firgt winter in communa hiber-
necula. My observations suggest that only about 30% are
overwintering at communal dens. Of 1586 snakes found in
the spring, only 52 were young-of-the-year. In contrast, of
3Bfoundat thedensin thefall, 140wereyoung-of-the-yeer.
One might argue that because of their smal sze they are
simply overlooked in the spring. Because of my experience
in the fal | do not believe this to be entirely the case.
Y oung-of-the-year are quite conspicuous in the fall and
dthoughit may bethat through experience they learn to be
more secretive, they may dso disperseconsiderably. Severd
hibernacula are known to be used largely or entirely by
sndler rattlesnakes. These dens probably have crevices
that are too narrow to accommodate the larger snakes and,
in fact, the crevices in which amadl snakes have been seen
are often narrow. Many young-of-the-year may smply be
finding individua shdlow shdters, where mortdity is
likely to behigh duetofreezing. Onceon 17 October | found
four young-of-the-year preparing to hibernate about 30 m
from arookery and about 100 m distant from a communal
den. They were seen again four days later, but in spite of
vigits the following spring and severd subsequent springs
1falls, | never saw snakesat that exact location again. In
: esternNorthCarolina, | foundayoung-of-the-yearon2
iay at a birthing rookery where the little snake had

apparently over-wintered. Frogt lines at that |atitude are
considerably shallowerthaninnorthwesternVirginia,due
to the milder winters(USDA, 1941).
Emergenceofjuvenilesunderfouryearsof ageaveraged
about threedaysbehind that of theadults(Fg. 4). However,
somejuvenilesemerged with the earliest emerging adults.

Spring Migration

The period from mid-May to early Juneis transitiona
from spring to summer. Thecontinental high weskensand
warmmoist Gulf air beginstomoveintotheareasporadicaly
at first until by the second week of June when dry conti-
nental air massesare only occasiond. Weather isextremely - -
variable, with rarelight frosts and lows averaging 8-12° C.

The beginning of the spring migration and foraging
period begins with the onset of the first warm, humid,
summer-like evenings. Although during most years afew
snakes |eft the den areain late April for foraging, (accom-
plished by coiling in ambush positions apparently dong
prey scent trails), it was usually mid-May beforetheden and
spring basking aress were deserted. On 28 April 1985 a
recently fed postpartum female was found 300 m from the
denwhereshehad been marked thepreviousyear. Following
the first or second warm night of the year, | sometimes
found snakes that had taken up ambush postionsin the
wooded areas adjacent to thedens and spring basking aress,
but as the season advanced the snakes spread progressively
further and becameincreasingly difficult to find.

Although some snakesl eft thevicinity of thedensin late
April of 1977, only in 1976, 1985, and 1990 did mogt of the
population leave the dens and moveinto the woods during
lateApril (Table2). High temperaturesduring 12-14 April of
1977 were of record levels, but these temperatures came
before most of the snakes had emerged. The high tempera
tures hastened emergence, but by then temperatures had
returned to more normal levels

Early Summer Pegk

An activity pesk involving nearly dl snakes with the
exception of gravid femaes and premolt snakes, usually
occurred about the second week of June but sometimes was
in late May or not until early July. This activity usually
occurred during the first period of settled summer weather
withlowsexceeding 13 C and highs of 22-27° C or higher.
Theduration of thisactivity wasusually about 1 week. The
highest number of snakes observed dead on the road that
contained food was in May and June. Snakes that had
recently fed were mostly sedentary and not often found on
roads. Of 112 road-killed snakes, only ninecontainedfood in
their somachs. Two of thesewerefound duringMay, four
inJune, one inJuly, and two in August

Summer Range

Thebulk of therattlesnake popul ation movesaway from
thedensintowooded or brushy areasfor foraging. Exposed
rocks, either near or distant from thedensaremuch used by
snakes of various age-dasses and both sexes that arein a
premolt condition. Therock retainingwalls a ong Skyline
Drive and other mountain roads are commonly used. The
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averagedistanceto the nearest den for 126 snakesfound
aliveor dead on theroadswas1.2km + 0.6 (range, 0.3-28
km). The mean distanceto the nearest den for adult males
was 128km (range, 0.4-2.8km; n=48)foradultfemal es1.08
km(range, 0.4-2.6km; n=30),andforjuvenilesupto75cm
total length 1.07 km (range, 0.4-25kmn=48). Onlyfour of
these were marked snakes whose den was positively
known. Anadditional 18 snakesfoundinareaswherel was
not familiar with the locd distribution of dens, are not
included.

Themonthlydistributionforthe 144 snakeswas. May (6);
June(25), July (41), August (41), September (20), October (10).
DuringJuneto August an additional 78 rattlesnakeswere
encountered away from the dens and rookery aress. The
mean distanceto the nearest den was 1.1 km (range, 0.3-21
km) for 28adult malesand 0.9km (range, 0.15-21 km)for 27
adult femaes. For 16 juveniles the mean distance to the
nearest den was 1.2 km (range, 04519 km). For the
remaining saven snakes, my knowledge of the location of
locd denswas poor. Six rattlesnakes that were reported by
park service personnd and not examined by mewerefound
a distances of 556 km from the nearest den. In most cases
inwhich rattlesnakeswerefound away from thedens, there
wasei ther continuouswooded country or awooded corridor
leading to the den.

Seasonal M ovement and Activity of Adult Males

The proportion of maes in the adult spring sample does
not changesignificantly from 30% until after mid-May (Fig.
4) when the proportion dropsto be ow 25%. Thenumbersof
adult maesfound inthevicinity of thedenswere: April (59),
May (158), June (57), July (58), August (88), September (45),
October (30).

A recapturerate of 1320 for adult maes versus 1668%for
adult femal es suggests maes are moredifficult to recapture
and are under-represented by about 258% (205/814 adults
marked were mades and 27/128 adults recaptured were
mdes). This may be because maes spend much less time
around the open sunny exposures during the summer than
dofemales. Thusmaes may actualy makeup about 30-35%
of theadult popul ationjust asthey makeup about 30%of the
spring catch and 34% of thefall catch (Figs 2 and 4). The
number of adult maes found around the dens, began to
increese in lateduly, pesked in August, and fell off sharply
after mid-September. Adult maes are among the first to
leave the dens. Only alimited amount of basking is done
during the post-emergence period. They forage actively
until lateJuly when the mating seeson commences and the
males begin long-distance movements apparently in search
of receptivefemales. A pesk of activity wasnotedinlate July
and early August for adult mades. It is not uncommon
however, to find adult maes in the vicinity of birthing
rookeries during any month but these chservationspegk in
"~ August and early September. In the vicinity of some dens
thereare areas that are much used by maes and non-gravid
females. About 150 mfrom onedenand 50mfromabirthing
rookery isone such areawhereit wascommon tofindfrom
one to three adults, but never a gravid femae. The area
conggted of a small, partly shaded, boulder field on leved
ground. Obvioudy the opportunities for thermoregulating

areinferior tothenearby rookery. Twicethere, in late Jul
and August, | found marked males from a different den 4
m distant.

Mae-femae pairings of rattlesnakes pesked in early
August. Aggregationsthat included at least an adult male
and adult female, totaled 41; 18 pairings occurred during
Augugt, 13inJuly, and 10in September (5 July-15 September).
Three of theseaggregationsincluded two pairs. Matingwas
observed 21 August 1976, 5 September 1978, and 13 Septem-
ber 1979, Although most of thepairsweref oundat orwithin
30 m of densor birthing rookerieswheremy activitieswere
concentrated, undoubtedly much of the mating activity
oCcurs on summer range away from dens. Mae combat
(ritualized fighting) was observed on 31 July 1976 at a
disgtanceof 0.6kmfrom aden at aPark Service Devel opment
and 25 August 1977 a a den-rookery area. Mdesfeed little
during the mating seeson. Captive adult maes usually
fasted or fed sparingly during lateJuly to early September.
Pairingswaned around mid-September and malesmoved of f
into wooded areas and resumed foraging.

Seasonal M ovements of Non-gravid Females

Femdes reproduced at 2-5 yr intervals (Martin, unpubl.
recapture data). Foraging usualy begins mid-May and
continues until late September. In late July or August,
vitelogenicfema es often begin to appear at or near birthing
rookeries. They soend an increased amount of time basking,
probably inorder to mai ntain an optimum body temperature
and spesd yolk deposition. They do not, however spend dl
their time at these exposed locations but continue to forage
inthevicinity. On27 August 1987 followingabrief shower, |
observed a vitelogenic femae moving through the grass
away from abirthingrookery about 10mdistant. About5m
behind this female was a second vitellogenic female, appa-
rently following her scent trail. Non-gravid femaes have
a0 been found on roads consderable disances from dens
duringthis seeson. Onefound on 12 August 19/5 was2.6 km
from the nearest den. Non-gravid femaes arerarely seen at
birthing rookeriesin late September when nearly theentire
population of rattlesnakes is engaged in the early fall
foraging phase of activity.

Seaszonal M ovement of Gravid Females

Anincreased tendency to bask, either at birthing rookeries
or at the spring shelters, was noted with gravid females.
Alongwith the rest of the population, they usualy became
difficult tofind around mid-May when they moved intothe
wooded aress near the dens. Foraging gravid females were
found 12, 22 and 30 May and 12 and 22 June. These
individuals were either coiled in an ambush podtion or
appeared to be searching for prey trals. Gravid females
found on 18 May and 25 May contained large food items.
Thesefemales usually moveto the birthing rookeriesin late
May or June, probably after ovul ating and becoming pregnant
fromtheprevioussummer's mating. Theearliest aggregation
of gravidfema esl havefoundwason 18May 1987 whenfive
of them werefound at a birthing rookery and three more
nearby. Some pregnant femal es, however, apparently donot
reach the birthing rookeries until late summer. | found a
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road-killed femae on 1 July, 13 km from a den. Tom
Atkinson (pers. comm.) found a pregnant female on a road
08 km from a den on 17 August 1982. She gave hirth a
| month later in captivity.

Aggregations of gravid femalestotdling 20, 15, 13 12, 11,
11, and severa of nine and 10 werefound from late May to
September. They are gregarious and often lay in contact
with each other even when there are severd rookery rocks
in daose proximity from which to choose.

Pregnant females normally do not feed during gestation,
which extends for a three- and sometimes four-month
period, but onef oundon 15July containedalargefooditem
andanother captured4.July accepted adead chipmunk on 11
July. David Storment (pers. comm.) reports that an lllinois
captivefed on 9July and birthed on 1 September.

Gegtating and Birthing Rookeries
Certain favorably exposed rocks are used asgestatingand
birthing sites During this study, litters were found a 65
stes For dl but 10 of these litters, the location of the
parental femal e hibernaculum was known. For 14 of these
dtes, birthing occurred at the den or within the area
encompassed by the hibernating crevices. For 42 locations
in which birthing occurred away from the dens, the mean
distancewas 164 m (range, 251250 m). For twoof thestesin
which the hirthing rookeries were located a the over-
winteringdens, theredso existed alternatebirthingrookeries
150-300 m distant. | was able to confirm the repeated useof
48 of the birthing dtes. The greatest distance from the
overwintering den for birthing stes definitely used more
once was 11 km. A road-killed, near-term pregnant
e-found on 9 September 19/ was 13 km from aden
and had apparently used arock retainingwall as arookery.
The most common type of birthing rookery was a rock
dablocated onaledge, agrassy dopeor aflat; about 40%(26)
of rookeries fal into this category. Rookeries located in
talus, scree, or boulder fields made up 29.7%% (19) and 281%
(18) of thetotal conssted of acrevicelocated in aledge. One
litter was located in a rockpile in a meadow 450 m below a
den. Somedens haveonly asingle rookery whileothersare
knowntohaveasmany aseight, al of which may belocated
in acompact areaor soread out over severd ha. Someof the
same rocks used in the spring for basking dso sarve as
rookeries, but someof the spring basking rocks becometoo
shaded when thetress are fully leafed. A dab located ona
flat or leve ledgetop is more likely to be used as arookery
than as a spring basking rock.
Gedtating females were found at an additional 111 sites
that were not checked at birthingtime. All rookeries shared
certain characterigtics. All were exposad to the sun for at

least part of theday. They provided shelter from predators, -

rain, and sun. Horizontal rock dabs from 1020 cm thick
with 34 cm dearance were epecidly favored. Thinner
rocksprobably becametoohot. Duringclear weather snakes
usudly basked in the morning and sometimes again latein
the afternoon.

After parturition, females spent considerably less time
ing than before. When an aggregation of neonates was
f , it was usually possible to find a postpartum female
by looking under the birthing rock. Thefema ewasusually

within 1 m of theyoung (215278 litters).

Timing of Parturition

Birthingisknownto haveoccurredfromearly August to
early October (Table 3). Duration of birthing during a
particular year averaged about a month (3-6 weeks). The
duration was longest during wet summers because the
snakes at high devations were more adversdy affected by
the curtailment of their basking time. Thus athough
gestation was lengthened everywhere, it was lengthened
less & lower elevations where the cloud cover was less
During sessons with much sun, snakes at high eevations
compensatefor thel ower temperaturesby thermoregulating.
Cloud cover reduces the amount of time which they can
thermoregul ateeffectively. Postpartumfemal eswerefound
with premalt littersas early as 9 August 1986 and as lateas
16 October 1989 Thelatest date that afemalewasfound in
parturition was on 3 October 198, The median date for

finding postpartum femaes with litters (dl records com-

bined) was 5 September (Fg. 5). However, themean for al
years combined is 9 September (Table 3). Duration of the
birthing period ranged from three to over five weeks in
different years. The duration of parturition at a particular
sitewas usualy no more than awesk. At onerookery rock,
threeof 11 femad eshad completed parturitionon8 September
1989, and on 16 October, one femae was found with a
premolt litter probably about twoweeksold. Thusduration
of parturition at that site was three to four weeks during
that particular year.

S. H. Harwig (pers. comm.) supplied dataon 504 neonates
from approximately 85 litters found in Pennsylvaniafrom
1948 to 19/9. The median date on which they were found
was 15 September (22 August to 7 October). This suggests

400
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Fig. 5. Number (n=1257) of neonatal Crotalushorridusseen. Neonates
seenatthedensunaccompani edby post-partumfemal eareincludedin
Hg. 2 and not here.
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Table3. Birthingdatesfor Crotalushorridus. n= number of littersencountered in thefield. Themedian date(mo/day) and the range of dateson which
| found litters in the field is shown and the median and range of dates for birthing is estimated for the study region. Neonates encountered
hibernacula unaccompanied by a postpartum female, are not included. A dash indicates that there was insufficient data from which to make
estimate. Number of daysof rain and temperaturedeviationfromnormal for 1973-1990in degreesCfor April-August arelisted for Luray, Virginia.

Yr n Fed litters Edtimated parturition date Days Tdev.
median (range) median (range) ran April-Aug
73 6 98 (92-11) 94(8/21-) 60 03
74 6 09/15 (8/27-9/27) 9/9 (8/24-9/25) 67 06
75 2 912 (94-20) 910 - 59 02
76 3 910 (96-13) 92 - 40 03
77 K3) 8/23 (818-26) 8/18(8/4-31) 45 +0.8
78 10 97 (959 95 - 49 01
e 9 - 911 (825918) 910 - %0 06
& 2 9120 (912-29) 92 - 44 03
8l K4 918 (815926 910 (814923 63 06
& 28 9/9 (8/24-1072) 9/5 (8/21-9/20) 59 07
& 6 914 (951003 9/4 - %0 02
7l 18 913(828-10114) 9/9 (8/24-922) 5 +02
& 7 9/3(8/169110) 8/27 (81497 50 +05
86 3 8/29(8/9-97) 8/20(8/791) 45 +0.6
87 51 &30(819911) 8/23 (8/10:94) 44 +08
&8 18 94 (817-914) 830815910 46 +11
15 925 (94-10/16) 917 (91-103) 68 -06
0 7 9/8 (8/31-928) 9/3(8/24-918) 61 0
x+SD (range) 9/9 + 84 (8/28-922) 9/2+9.2(817-915) %4(40-68)
sample range (8910116 (84-103)

the median date of parturition was about 10 September,
averaging approximately a wesk later than in my study
area. During at least one year, 1989, pregnant femaes a a
high éevation denontheAllegheny Frontin Grant County,
West Virginia, apparently entered hibernation beforegiving
birth. Follow-up visits revedled nojuveniles of that cohort.

Effect of Elevation on Timing of Parturition

For birthing sites of comparable exposure and aspect,
each 300 m increase in devation delayed the date of
parturition by about 10-15 dayson average. During summers
with hot, dry weather, thedelay wastheleast but when the
summer temperatures were below normal and cloud cover
above normal, the delay was somewhat more. Apparently
during dear weather, the snakes can compensate for the
lowered temperatures at higher elevations. The adiabatic
lapserateis 0.6° C for each 100 m. The differencein mean
temperatures between Luray a 305 m and Big Meadows at
914 mis29° CforJuly or 8% of thelgpserate. Therateis
210 m per 1° C. Beforecomparing birthingdatesat different
devaions, it is necessxy to first diminate confounding
influences such as differences in aspects or amount of
canopy cover. When we examine timing of parturition at
stes of smilar exposure but different eevations, the effect
of temperatures is readily apparent. On 18 August 1977 a
. three wdl exposad south-southwest Stes at eevations of
430518 m, | found molts of neonatesand postmolt neonates
probably born on 4-8 August. At asimilarly well exposed
. south dopeat eevations of 9151000 m, | found 2 littersand
3 pregnant females on 23 August. | estimated 18 days

differencefor 550 m and an average temperaturedifference
of 26° C. In 1989, a very cloudy summer, | saw first litters
on 4 September a an east-southeast exposureof 275m. On3
October, | found litters a an east-southeast exposure of 810
m. All young were estimated to be less than a week dld. |
estimate about 25 days differencein average dates between
these high and the low stes. Difference in devation for
those sites of comparable agpects was 533 m (25 C). During
thehot year, 1° C wasequivaent to6.9 daysand duringthe
cloudy year, 1° C wastheequivalent of 10 days.

Seasonal M ovements of Postpartum Females

After parturition, females spend considerably less time
basking than during gestation. When an aggregeation of
neonates was found, the female was sometimes lying out
with them, but more often shewas under the birthing rock
within 1 mof theyoung. Postpartum females usually stayed
with their litters at the birthing rookery for seven to 10days
and then left, usually toforage, but in the case of somelate
birthings, towards hibernacula. Of 216 litters in which
molting had apparently not commenced, 89.4% (194) were
accompanied by apostpartumfemal e, butonly 409%%(21.of 52)
of litters that had started molting were accompanied by a
postpartum female. Knowing the normal interval between
birth and molting (8-16 days) it is possible to estimate the
average length of timethat the females remained with the
young. With low temperatures of late September and
October some postpartum femaes stayed two to three
weekswith the neonates. On the average, females birthing
in early September had about two weeks of intermittently
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favorableweather for foraging beforearriving at thedens.
Postpartum females found on 18 September 19/ and 2
October 198 contained food items. David Storment (pers.
comm.) reported that acaptivelllinoisfemalethat birthed
| on 26 August accepted food three and seven days later.
Females that gave birth in mid-September or later,
probably did not usually obtain a meal before hibernating.
Females that produced young the previousfall wererarely
sen in the spring. Because of a fast lasting 312 and
occasondly 21 months, they are emaciated and very
hungry. Onefound on 19 May (1989) appeared near death,
apparently from starvation. It isimperative that they take
every opportunity tofeed. During theactive season following
the year of parturition, the entire active seeson, except for
one and sometimes two pre-molt episodes, ismostly spentin
wooded arees. Only rarely will they have gained enough

weight by mid-July toinitiate vitdlogeness. By recapture, | .

recorded 40 instances of two or more parturitions and only
three of these wereat two year intervals with the balance at
three tofiveyear intervals.

Activity and M ovements of Neonates

Neonates are gregarious and were often seen basking in
physica contact with one another at the birthing rookery.
They are wary and as soon as one makes a quick movement,
they dl usudly quickly dissppear under the rocks. Neonates
usualy stayed aggregated at the ste of birthing for eight to
16 days until the initiad molt was completed. Judging by
follow-up vidts, neonatesborn in August when temperatures
weredill high usually molted in eight to 10 days. Severd

alitersborn at onerookery in August al molted beforetheir

nmth day. Another litter bom in late August had not all
molted after 12 days. Those born around early September
(the median date) molted in 1014 days. Two litters born in
early September had not molted at eight and 12days of age,
respectively. Some stayed at the birthingrookeries for up to
four weeks when temperatures were consderably below
average. Two Uttershad only partly completed molting after
32 and 39 days. On 15 October 1989, youngfrom litters born
between 28 September and 3 October were starting to molt
but some born during the same time period had still not
molted on 26 October when three premolt neonates were
found at a birthing rookery, and a premolt and a postmolt
young, probably dl from the same litter, were seen at
nearby hibernacula. When molting is delayed by codl
wegther, some neonates go to the dens before molting, but
they tend not to enter hibernation until they have shed the
proto-integument, and may continue basking for severd
weeks after the balance of the population has entered
hibernation. Nevertheless, some are forced to enter hiber-
nation before molting. In 1989, premolt neonates were seen
basking a dens and birthing rookeries through 26 October
and someof these probably had toenter hibernationwithout
molting.

Neonates born around the averagetime(early September)
will usudly haveabout two weeks to forage before entering
hibernation. Many of them do get food, usualy young mice.
Mog of the neonates in my sample were premolt and in

*anons at the place of birth. Many of thosethat were

postmolt had apparently molted within aday and were still
aggregated with their siblings. They are not often encoun-
tered once they have digpersed into the adjacent wooded
areasto forage. Individuals found at dens on 27 September
1980 and 5 October 1986 contained largefooditems. Oneof
two snakesseen at abirthingrookery on 29 September 1987
had fed. Of 11 neonates found dispersed in wooded areas
near densor bi rthi ngrookeries, threecontai nedfood(twoon
11 September 1987, and oneon 13 October 1973). Another of
these 11 snakes, found on 9 October 1936, was38cm TL and
had certainly obtained food in order to reach that length
(neonates average 28 cm TL at birth). One recently molted
neonate taken on 2 October accepted a young mouseafew
days later. S. H. Harwig (pers. comm.) reported that a
Pennsylvania neonate taken on 23 September disgorged a
half-grown mouse on 25 September. Judging from thesize
and appearance of young-of-the-year seen at hibernacula
during fall and spring, | believe that roughly haf of them
obtainameal beforehibernation. | donot believethat failure
to find food during the first autumn is a serious mortality
factor, except in the case of young born in early to mid-
August, which because of warm temperatures and longer
activetime, would besubject togreater lossof yolk reserves.
Twenty-fiveneonatesbornto lllincisfemaesinlate August
were hibernated under smulated natural conditions (D.
Storment, pers. comm.). Snakes were in hibernation from
early Octoberuntil April. Of 19non-feeders, fourdied, but of
thefivethat fed before hibernation, only onedied. Thelow
survival ratein nature, estimated at 3% for therr first year
and 60% over-winter (Martin, unpubl . data) is bdieved to be
due mainly to failure to find adequate hibernacula and to
predation. Starvation probably isamgjor problem for those
individuals who gill have not obtained a mea by June. |
have found one-year-old snakes as late as 3 September that
gtill had not molted for the second time and were no bigger
(35 cm) than large neonates. One large medl, taken inJune,
will probably sustain a snake for a year, but grovvth rates
are diminished.

Sufficiently low temperatures will induce neonat& to
leave the birthing rookeries before they molt and move
towards dens. Once, on 28 September after two frosts had
occurred, | found a loose aggregation of 16 snakes (some
coiled, some moving) that included four premolt neonates
and two postpartum females, spread out over a 130 m
stretch of ridge top between a birthing rookery and an
overwintering den. Some snekes were dso sen a the
birthing rookery (including two neonates) and at the den.

Fall Migration

Fall migration apparently beginsin late August to mid-
September, followingthe passage of cold fronts. Migrating
snakesremain mainly in wooded aress, where thepossibility
of encounteringprey may bebetter. | havef oundthemcoiled
inanambush position asin wooded areas near densaslateas
90ctober. Itisdifficulttoget precisedataonthetimingof this
activity phase because some snakesof any ageand sex can be
foundin thevicinity of densat any time. However, around
certaindens, thereexist somerocks, apparently onmigration
routes, that tend to be used by snakes migrating in or out
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and not usually by snakes spendingthesummer in theden
area Atthelowtomid-elevationsinthestudy areaitisrare
to even find snakes approaching the den area until late
September but at northerly locations and at the higher
devations in the Allegheny mountains this may happen
threeweeks earlier. Once on 3 September 1989 at 1100 min
northern West Virginia. | saw 29rattl esnakesayear ormore
in agewithin 500 m of aden.

DISCUSSON

Hibernation

Thetimber rattlesnakeisknown tohibernatecommunaly
throughout the northerly portions of its range. Mogt dens
are reported to face in a southerly or westerly direction
ranging from east-southeast to due west (Ditmars, 1907,
1930, 1939, Gloyd, 1928, 1946, Morgan, 1939, Swanson, 1962,
Harwigin Klauber, 1956, Kauffeld, 1957, Anderson, 1965
Keenlyne, 1972, Galligan and Dunson, 1979, Stechert, 1980,
Vogt, 198L; Brown, 1982, this volume; Petersen and Fritsch,
1989). Apparently the milder winters in Virginia permit
overwintering a dens of less than idedl exposure. The
ressonsfor sdecting the more southerly agpects areobvious.

They arethewarmest, permittingalonger activetimeanda -

shdlower hibernating depth. The snakes, however, are
opportunistic, usngwhatever overwinteringlocationsenable
their survival and northerly aspects sometimes suffice.
Most dens reported by these authors were stated to be
located in ledges or in some cases, talusand screedopes, but
Gloyd (1946) in Kansas and Minton (1972) in Indiana
reported that they may sometimes use burrows of mammals
such as the woodchuck. Little information is available on
eevations of dens. Wood (1954) reported dens in Virginia
(apparently in southwestern Virginia, south of my study
areg) from 17004500 feet (5181372 m). A den studied by
Brown (1982) in northeastern New Y ork was only 229 min
eevation. Maximum eevation & that latitudeis expected to
be much lower than in Virginia In Wiscondn &t alatitude
dmilar to northern New Y ork, Keenlyne (1972) found dens
up to about 400 m. In southern New Jersey they have been
reported hibernating dong streams or springs in bogs
(Burger, 1934 K auffeld, 1957, Reinert and Zappal orti, 1989).
Neill (1948) reported that they hibernated communally in
limestone caverns in the Savannah River svamp, near
Augusta, Richmond County, Georgia Allenand Neill (1950),
apparently referring to northern Horida and southern
Georgia, reported that they will over-winter in a cave or
limestone fissure, fox burrow, stump hole, pine roots,
chimney rubble, or sawmill Ste.

Little information is available on hibernating depth.
Noble and Claussen (1936) excavated a den in southeastern
New Y ork where the frost lineis about 50-75 cm (USDA,
194). The snakesweresaid to bein small groupsin various
crevices about 12 m in depth. Galigan and Dunson (1979)
reported that the frost line in centrad Pennsylvania is
usually 80 cm but that during the winter of 197677 it
reached 14 m. Frost penetration would probably belessona
south or southwest facing dope, but unfavorably aspected
densat that latitudewould haveto bequitedespin order to
protect the snakes from the occasond unusually cold
winter. Brazaitis(1979) inserted athermometer about 75cm

into a hibernating crevice in a southern New York den.
Temperaturesfelltonolowerthan2° Cduri ngthecmlﬂetoldn.
part of thewinter.

Brown (1982) monitored overwintering body temperatures

in threeadultsin anortheastern New Y ork den and found
that body temperatures were 15-16° C when the snakes
became quiescent in the hibernaculum in September. This
isthesametemperaturerangewhich1notedatthewarmest
soil layer (45 cm) duringtimeof peskingressin October. He
adsofoundthat body temperaturesdroppedaslow as4.3° C.
Unfortunately he did not get emergence temperatures
becausetwo transmittersmalfunctioned. Thethirdindivid-
ual till had notemerged on25May and may havediedinthe
den. :
There does not appear to be a threshold air temperature
that dgnds the snakes to begin the migration and then to
comeintothedens. Rather thereappearsto beacombination
of factors or "zeitgebers' involved that sgnal the snake: 1)
tobeginthemigrationfrom summer rangetowardstheden,
and 2) to leave the woods and comeinto theden. Weather
varies so widely from year to year that no sngle weather
event (first frodt, for example) forecasts a future weather
event (weather too cold for activity and for safety). The
caendarisa better guidetof utureconditions severd weeks
ahead than is the present weather. Apparently thereis a
window exigting from about 26-30 September, when the
snakes are prepared for a signd (a cold front) to enter the
dens However, an early or late emergence may disrupt their
timing. Parker and Brown (1982) found that Masticophis
taeniatus returned to dens a fixed number of days after
emergence. Viitanen (1967) bdieved endogenous factors
wereinvolved in the return to the dens of Vipera bents.

When sampling and westher data were pooled for dl the
years of the study, certain trends are noticegble that could
not otherwise be detected: The mean date of firgt arrivasat
the dens during the end of September (Table2) corresponds
withthetimethat temperaturesbecometoolowforforaging
and it dso corresponds with the mean date for the first
observance of frost (unpubl. data) and is two weeks before
the official first frost date (USDA, 1941) recorded about 12
m above ground. The mean temperature at this time dso
corresponds with the mean temperature at the time of the
last snekesfound in hibernating crevicesin thespring. The
mean air temperatures at the mean dates of generd
emergence and general ingress correspond very cosdy
(Fgs 2,3,4and Tables1 and 2). When mean datesof ingress
and emergence are compared with mean temperatures the
correlations and trends are apparent.

Themovefrom the surfaceto thehibernatingchamberis
largely determined by day-to-day westher. A reversd of the
thermal gradient may be respongble. Duringthe 1014 days
that normally elgpsefrom thetimeof thefirst arriva suntil
generd ingress, fewer snakes are seen than in the period at
and immediately following spring emergence. Even when
favorableconditionswith partly cloudy mild weather occur,
much of thepopulation still has not arrived at thedensoris
aready underground. Theexposed rockswhererattl esnakes
often bask so conspicuoudly in the spring following emer-
gence arerarely used on the return to the dens.

Few rattlesnakes were seen after mid-October. Although
temperatures during the three to four weeks following a
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genera entrance into hibernation, are similar to those
experienced during thethreetofour weeks prior togenera
emergence, far fewer snakesareseenin thelatefall period
thanin theearly spring. Severd factorsmay beinvolved: 1)
the layers of soil near the surface are cooling rapidly and
wannest layersmay bearound45cmdeep; 2) onmany days
the warmth from the surface may reach the snakestoo late
in theday so that ascending snakesare met with descending
cold(Viitanen, 1967); 3) theangleof thesun'sazimuthinlate
October is comparable to that in late February; and 4)
duringclear weather withlittlewind wheninsolation by the
sunismogt effective, by thetimethewarmth haspenetrated
to the snakes and brought them near the surface, the
surface may actually be too hot to permit basking so the
snakes may remain just below the surface.

The seeming lack of correlation between high, mean, and
low temperatureswith emergenceisbecauseitisdifficult to
predict the temperature of the ground from theimmediate
westher conditions. It is only when the means of tempera-
tures and emergence are examined that a pattern emerges.
The partial reversa of the therma gradient in March sets
the stage for emergence. Apparently the body temperature
of thesnakemust besomewherein therangeof 5-8° C before
movement takes place and the snake then follows the
thermal gradient upward and emerges to bask (during
periods of favorable wegther). Jacob and Painter (1980)
found that while C. viridisiscapableof movement at 1° C,
they do not respond to the thermal gradient until they reach
a body temperature of 6° C. There may be quite a bit of
moving up and down in the den crevices before any
emergenceoccurs. | have never ssen arattlesnake out on the
first warm day of the year even when highs reeched 23-25°
C. Viitanen (1967) noted a sSmilar activity pattern for V.
bents. The surface reaches its highest temperature about
1400 hr but the highest temperature a 3040 cm is not
reeched until about midnight (Hanks and Rasmussen,
1976). On the first warm days, before the warm isotherm
reaches thesnakes, they are met with thedescending cold of
evening thusforcingthem down towards the warmer layers
(Viitanen, 1967). As April advances the wanner layer
ascends towards the surface. Eventually the warm layer
reaches them early enough in theday so that afew snakes
come to the surface. Sdection would not favor snakes that
left the hibernacula too soon. Snow and temperatures
consderably beow freezing often occur during the early
emergence phase that precedes generd emergence. The
warming of the upper portion of the den to near 1011° C
apparently provides the sgna to emerge and abandon the
den crevice. Snakes that emerged early (before late April)
usually returned to the den crevices Perhaps the snakes
may have been stimulated to abandon the dens only after
the snake's body temperature remained at around 1011° C
for a certain minimum period of time exceeding 24 hr.
Sdection should favor snakes that delay emergence until
that time because the chances of a snake requiring deep
shelters after that date is lessened. The shallow spring
shelters that are used in the basking period immediately

. emergence might not adequately protect snakes that

ed to them too soon. With the surface layers of sail
warmer than thedeep layerstheremay dso simply belittle

incentiveto stay in thedens. Many dens may not bedeep
enoughtoever becomeisothermal . Evenalimestonecavern
den studied by Sexton and Hunt (1980) in Missouri did not
remain at base temperature. The base temperature ranges
from8to 15° C from thenorthern edgeof thissnake'srange
to the southern edge in the Appalachians. Whether C.
horridus responds to the same temperature thresholds
throughout its range is not known. Macartney (1935
believedthat C. viridisinBritish Columbiahad muchlower
activity thresholds than did the same species in California,
where it was studied by Fitch (1949).

Gadligan and Dunson (1979) compared deep (914 cm) soil
temperatures from a nearby agronomy station, with emer-
genceof C. horridusin Pennsylvaniaover athreeyear period
from 19751977. They noted no corrdation between emer-
genceand air and ground temperatures but they found only
five gpecimens (dueapparently to avery low population) in
the three emergence periods combined. However, | find that
ground temperatures reported are very reveding when
compared with my emergence data during those years
(Table 1). Spring was exceptiondly latein 1975 and excep-
tiondly early in 1976 and 1977.

The three-day lag in time between pesk emergence of
adults and juveniles is apparently not due to different
temperature thresholds. The fact that some juveniles
emerged with the earliest emerging adults leads one to
predict adifferent cause. The depth of hibernation may be
themagjor reesonfor thedifferencein pesk emergence times.
Viitanen (1967) found differences in emergence time of
Vipera berus of the same sax and age dass, attributable to
hibernation depth, but he dso believed that adults emerged
earlier to enhance reproduction. Drda (1968) found that
juvenileAgkistrodoncontortrixweredeeperinacavehiber-
naculum than weretheadults. Restingsnakesliketowedge
themsalvesintotightly fitting crevicesand my own observa
tionsindicate that small snakes favor tighter crevices than
do large snakes. Crevices with narrow openings will only
dlow ingress of amdler snakes and indeed sometimes one
sesdifferent Szesnakesusingdifferent creviceswithin the
samegenerd area. Even a some dens whered| snakesare
usingthe samecreviceor samecrevicesfor ingress, thelarge
crevices may have other side crevices opening up under-
ground, or the crevices may narrow toward grester depths.
We may envison the snakes in the hibernaculum moving
towards the warmer deeper layers of the den as the
isotherms retreat downward. On the average, the larger
snakes simply cannot get asdegp assmaller ones. Viitanen
(1967) and Aleksi uk (1970) predi cted that hi bernatingsnakes
shouldfollowthethermal gradientandwork by Sextonand
Hunt (1980) and Sexton and Marion (1981) has shown that
snekestend tofollow the thermal gradient and the stopping
of snakes a a certain depth is caused either by the
temperaturesdroppingtoolowfor movementtobepossible,
or by theinability of the snakes toget any deeper dueto the
narrowingof thecrevices. Obvioudy therewill bemoredeep
crevices that can accommodate small snakes than large
ones. Some small snakes of course have entered different
crevices adjacent to those used by the adults and some of

these may not be so deep.



272 William H. Martin

Summer Activity

The activity peak which | noted in early June, may be
comparable to the vernal migration in search of foraging
territory by C. viridisinWyoming(Duvalletal ., 1985). They
noted movements as much as 10 km from the den and as
much as 1 km aday and attributed these migrationstothe
patchy distribution of prey. | think that such long distance
migrations as 10 km are rare among C. horridus in the
Appalachians, but they certainly should be capable of
traveling one km in a day and probably do so on occasion.
Neill (1948)thought that C. horridusin Richmond County,
Georgia, convergedinthelatesummer fromasmuchas32
km toan area of limestone cavernsin aswamp. Therehas,
however, been no confirmation that they normally travel
such distances.

Reproduction

Ditmars (1907) stated that timber rattlesnakes matein
the spring while gill congregated at the dens. He did not,
however, provideany supportingobservations. Many authors
since then in the popular literature, neverthdess, have
repeated this assertion without adding any supporting
documentetion. Only Anderson (1966) hasreported aspring-
timemating (27April inMissouri). | havereceived numerous
reports from my correspondents of |ate summer-early fall
matings, centered on August, but for most of these theexact
dateswerenot available. | have oneadditional report (Max
Nickerson, pers comm.) of a mating during May, in
Stoddard County, Missouri. Keenlyne (1978) suggested that
mating might start in lateJuly-early August, shortly after
theonset of vitellogenesiswhen estrogen levelsarehigh. He
a0 suggested that mating might occur at any time until
ovulation. A spring mating seeson is alogica assumption
for acommunally hibernating snake because the sexes are
congregated and no time need be wasted searching for
mates. | suggest that late summer matingisa vestigefrom a
period of time during the evolutionary history of the snake
when communal denning may not have been common.
Mating over a 2-mo period, during the earlier stages of
vitdlogenesis and storing the sperm until ovulation may
actudly have an evolutionary advantage over restricting
matingtoashort periodjust beforeovulation. Theavailable
evidence(Table4) strongly indicates that |ate summeristhe
major mating season throughout the range of this rattle-
snake. If thetiming of matingisrelated to the physologica
stage of thefemal €'sreproductive system, then the time of
mating should vary dightly geographicaly. We should
expect that northern populations, because of a longer
hibernation, would have toinitiate vitellogenesis earlierin
the season in order to yolk theovato full Sze by ovulation
time in late May and early June. We might predict a
geographic dine in mating dates ranging from mid-July to
early September in theNorth tolate August to mid-October
or even later in theextreme South. Thestronglatesummer-
early autumn activity noted for this gpedes is probably
related to mating with adult maes searching for female
- scent trails. Andren (1982) noted that mae Vipera berus
makelongmovementsduringthemati ngseasonof uptoone
km per day.

Whether male breedingcyclicityis completely endogenous,

is influenced by temperature, or by femae pheromones
not known. Mogt likely, with both maes and females,
endogenousarcadian rhythmsareinfluenced by photoperiod
and by temperatures. Female pheromones may play apart
s%/nchronm ngthebreedingcycle, notonlyamongfemales,
possibly dsowith males.

Pregnant femalerattlesnakesin this study usually used
certain favorably exposed rocksfor gestatingand parturition.
Jackley (in Klauber, 1959) reported that gravid female C.
viridisin South Dakota used certain locationsfor birthing
(oftenanabandonedprairiedogburrow), that hereferredto
as"rookeries" Kauffeld (1967) reported finding an aggrega
tion of pregnant female C. horridusin New York during
June, and speculated that they might spend the entire
summer on theexposed ledges near the den. Keenlyne (1972)
believed that thesegestating and birthing rookeries, which
in Wisconsn were usually dabs of rock located on grassy
southerly dopes were criticd to the surviva of this
rattlesnakein theNorth. Harwig (1966) reported finding 17
femaesat onerock in Pennsylvania. Brown et a. (1982) and
Reinert (1984ab) found that females, epecidly gravid
femdes, of this gpecies used warmer and sunnier micro-
habitats than did males in New York and Pennsylvania
respectively. Reinert and Zappd orti (1988) found that inthe
Pine Barrens of New Jersey, with the absence of rocks,
gestating femal e rattlesnakes used the edges of sand roads,
sometimes located more than a km from the hibernating

aress in the cedar swamps. The aggregating of gedtati n)g/;.

femae viperids a certain spots in warm and sunn

microhabitats, in the temperate regions of North America
and Europe has been reported by (Finneran, 1963, Fitch,
1990, Viitanen, 1967, Diller and Wallace, 1985 Duvall et dl.,
1985 Gannon and Secoy, 1985 Macartney and Gregory,

Ditmars (1907) reported that near-term pregnant female
timber rattlesnakes in the Northeast (New York, New
England, and northeastern Pennsylvania) often returned to
the dens for parturition. Macartney and Gregory (1989
reportedthat C. viridisinBritishColumbiausually returned
to the den for parturition. | found that rattlesnakesin my
study areas did not usudly return to the densfor parturition
except in the case of birthing rookeries located at the dens
In someingtances, the only suitable place forgestating, was
a the den. With the exception of a late-birthing female
found with alitter near theden, 200m from therookery, on
16 October 190 | bdieve that the ingtances in which |
recorded parturition at theden, thefemales had spent most
of the gestation period there. Another postpartum female
wasinahibernatingcreviceon22 August 1977 with alitter.
| believeshemoved there becausetheregular rookery got too
hot. In the more northerly areas with colder winters
perhaps sdection has favored the habit of birthing at the
dens. Additionaly, thenormal parturitiontimeintheNorth
overlaps the normal time of arrival at the dens. With the
exception of 1974 and 1989 thiswasnot thecasein my study
aress.

Neonates usually stay aggregated at theplace of birthfor
816 days. They usually begin dispersing towards foraging
areas or hibernacula as soon as they molt, but some leave
before molting although not before their eyes clear, just
prior to molting. Advantages of aggregating may include
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Table 4. Records of mating for Crotalus horridus.

Date Locality Source

21 Aug 1975 Shenandoah Nat. Park. Virginia This study

13 Sept 1976 Shenandoah Nat. Park. Virginia ~ —————

5 Sept 1978 Shenandoah Nat. Park. Virginia —_——

27July 1942 Westmoreland Co. Pennsylvania SH. Harwig (pers comm)

8 Aug 1A Indiana Co. Pennsylvana  —e————

14 Aug 1966 Clearfield Co. Pennsylvania ———

8 Aug 1982 Jackson Co. Alabama Kevin Dodd (pers comm)

2 Aug 1933 New Jersey- Hook, (1936)

27 April Jackson Co, Missouri Anderson (1965)

3 Sept Chesapeake Co., Virginia (capt) Martin and Wood (1955)
5Aug 1987 Jackson Co. lllinois (capt) David Storment (pers comm)
9 Aug 199 Jackson Co. lllinois (capt) ey me——

15 Sept 1978 PassaicCo. New Jersey Randy Stechert (pers comm)

defense, conservation of moisture and hesat, and imprinting
on theplaceof birth. Graves (1983) found that when neonate
C. viridisaredisturbed, they give off a scent that actsasan
darm. A rapid moveon thepart of onemay dsohavearipple
effect on the balanceof them. Duvall et d. (1985) found that
subcutaneous water loss decreases after the proto-integu-
ment isshed. | havenoted that premolt neonatesseemtobe
reluctant to enter hibernation and will continue basking

* past the normal timefor ingress, apparently in an effort to
shed the skin.

| found that postpartum female timber rattlesnakes
usually stayed with the neonates seven to 10days. Although
thereare scattered references to femaeshavingbeen found
with litters (Table 5), in most cases, the snakes were either
collected or nofollow-up observationswere made to deter-
mine how long the mothers stayed with their young. Duvall
et d. (1985 stated that postpartum female C. viridisin
Wyoming stayed with their youngfor several days. Graves
(2983 noted that undisturbed postpartum femaes in that
population stayed with their young as much as 16 days.
Macartney and Gregory (1988) found that postpartum
females entered hibernation one to 10 days after birth.
Parturition during their study, however, was apparently
ddayed past thenormal timeby theweather and occurred at
or even past the normal time for ingress. Wharton (1966)
reported what he regarded as "guarding” behavior of the
motherstowardstheneonatesi nthecottonmouth, Agkistro-
don piscivorus conanti.

Crotalus horridus and possibly some other rattlesnakes,
may have evolved a recuperative period that corregponds
roughly with thetimethat the neonatesareaggregated. The
mere presence of a large rattlesnake might discourage some
mammalian predatorsthat otherwisewould not hesitateto
take a neonate. Parental care has not been reported for
nonvenomous live-bearing snakes and would be of little
defenseagaingt apredator. 1t might ssem that the postpartum
femalerattlesnake, whohasnotfedfor athreeand perhaps
12 month period would best serve hersdf by leaving

immediately after parturition,inseerchof ameal inorderto
replenishher badly depleted fat reserves. However, the
- sdective advantage may lie with delaying the search for

food until the litters start to bresk up and disperse
Although it is possble that the postpartum female is
responding to the grouped neonates, | think that is not the
cae because follow-up vidits usudly indicated that the
mother began moving away from the rookery, before the
young did. On the other hand, she may berespondingto a
decrease or change in odor after the eyes of the neonates
clear just prior to molting. The propensity for postpartum
female rattlesnakes to stay a week or more with the
neonates may be found to be more widespread than the
literature now indicates.

Brown and Maclean (1983) and Graveset d. (1986) found
that postmoltyoung-of-the-year C. horridusand C. viridis,
respectively, were able to follow scent trails of conspecific
adultsinthelaboratory. Reinert and Zappal orti (1983) found
evidence that young-of-the-year C. horridus in the Pine
Barrens of New Jersey were apparently following adults,
including males, in some cases for distancesin excess of 1
km, to thedenningareas. Y oung snakesmay learn, not only
the location of the overwintering dens, by following the
scent trails of theadults, but aso the locations of ancestral
trails leading to summer feeding grounds.

Geographic Variations in Phenology

Although therehave been no papers on the phenol ogy of
C. horridus, somephenol ogica datacanbegleanedfromthe
availableliterature (Table5). In the extreme northeastern
part of the range, in northeastern New Y ork, Brown (1982,
this volume) found ingress occurring through most of the
month of September but pesking during the last half of the
month. Gloyd (1928) reported ingress as late September to
mid-October in eastern Kansas. Brown (1982, this volume)
reported that first emergence occurs around 20 April in
northeast New Y ork, with general emergencein mid-May
and with the last snakes leaving the dens in late May (the
earliest snake was 8 April with emergence peakingon 13
May). A littlefurther south, first emergenceisreportedtobe
about 15April inConnecti cut (Petersen and Fritsch, 1986).
Trembley (1970) reports that emergence in northeastern
Pennsylvania correlates with blooming of the apple trees.
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Tableb. Phenol ogica recordsfor Crotalushorridus.

Rattlesnakesat Overwintering Dens

mo/day (yr) Locdity Source
57 New York Ditmars, 1930
51, §15. New York Kauffeld, 197
4/28-5/27 Northeastern New Y ork Brown, 1982 Brown, thisvolume
4/27 (1941). 58 Venango Co., Pennsylvania Swanson, 1952
4/23-4/30 CentreCo., Pennsylvania Galligan and Dunson, 1979
4/22, 430 (1989) Pine Barrens, New jersey Reinert and Zappalorti, 1988
4/30 (1926) Ottawa Co., Kansas Gloyd, 1928
4/23 (1928) —_—
417-20 Western Missouri Anderson, 1966
51 (1965 Franklin Co., Kansas Smith et d., 1983
4/25 (1965) Jackson Co., Missouri
52 (1966)
4/13 (1968 L afayette Co., Missouri
415 (1983 Pettis Co., Missouri
4/16 (1977) Pettis Co., Missouri N —
97-10/16 Northeastern New Y ork Brown, 1982 Brown, this volume
101 Marshdl Co., Kansas Ditmars. 1939
10/25, 10/26 (1985) Pine Barrens, New Jersey Reinert and Zappalorti, 1983
102 (1978 McDowel Co., North Caralina Martin (unpubl)
9/29 (1979 Avery Co., North Cardlina g 2
Femdes with Litters
- 1029 (1965) Franklin Co., Kansas Smith & d, 1983
912 (1967) Pettis Co., Missouri
915 (19%67) Pettis Co., Missouri
7125 (1977) PettisCo., Missouri
8/29 (1977) Jackson Co., Missouri e
821 (19349 Venango Co., Pennsylvania Swanson, 19852
8&/22-1007 (1948-1979) Pennsylvania S H. Harwig (pers. comm.) .
830 (1985 Pine Barrens, New Jersey Reinert and Zappalorti, 1983
828 (1979 McDowdl Co., North Carolina Martin (unpubl.)
97 (1984) Madison Co., North Cardlina SR

Vogt (1979 sated that first emergencein Wiscongn is late
April to early May with pesk emergence correlating with
blooming of the gppletrees. Ditmars (1907) stated that most
haveleft theden crevicesby 15May in southernNew Y ork.
Reinert and Zappdorti (1988) in the Pine Barens of
southern New Jersey, foundemergencetooccurinlateApril
to late May and ingress from early October to early
November. Wood (1956) reported earliest emergence in
Virginia & 16 April. Anderson (1965) thought emergence
was usually about 17-20 April in western Missouri. Gloyd
(2928) found them at densin late April in eastern Kansas
and said that they had usualy al 1eft the dens by mid-May.
Burt (1933) reported them ective as early as 3 March in
Kansas. Wright (1986) reported a western Virginia adult
found ill on summer range 26 September, eating what
gopeared to be a chipmunk. Fitch (1968) reported the latest
activity a 26 October in Kansas. Hamilton and Pollack
(19 gtated that in west-central Georgia, they areoccasion-
aly found on the surface anytimein the winter when the

wesgther is suitable On the other hand, 100 km further
north in South Caroling, Gibbons (1972, 1977) found them
active from late April-October and occasondly November
and stated they arenot often found beforeMay. Differences
in methods probably account for this seeming discrepancy.
Hamilton and Pollack's (1955) snakes were collected by
troops on maneuvers who were likely to encounter snakes
basking a their over-wintering stes, whereas Gibbon's
snakes were mostly found crossing roads. Walker (1963)
reported them most common from October-December in
southern Louisiana

Emergencetimein northeastern New Y ork (Brown, 1982,
thisvolume) iscomparabletothat at the higher el evationsof
9001100 m in Virginia and West Virginia. Ingress on the
other hand isearlierin New Y ork and apparently occurs at
higher temperatures. Rattlesnakes in southern New Jersey
usually over-winterin wet boggy placesnear theheadwaters
of streams (Burger, 1934, Kauffeld, 197, Reinert and
Zappaorti, 1983), where both emergence and ingress are
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retarded by thetemperaturelag.

Phenological observations are available for the timber
rattlesnakein Missouri and Kansas (Anderson, 1965, Gloyd,
1928, Smith et a., 1983 at roughly the same latitude as
northwestern Virginia. Elevations there, averaging about
300 m, are comparable only to the lowest stesin Virginia,
however. Ingress in those western areas appears to be a
little earlier than at smilar devations in Virginia but
roughly comparable to ingress at middle elevations in
Virginia, 500-800 m. Springemergenceisperhapsafew days
ealier in the western part of the range, even a acomparable
elevation. Weather systems move from west to east at that
. latitude bringing both fall and spring a little earlier in the
West. Because of the continental location, winters are
dightly colder, so sdection should favor a dightly earlier
ingress. Furman Coggins (pers. comm.) of Jackson County,
North Carolina reported that in the high mountains of
southwestern North Carolina with eevations of 750-1500 m,
firsdt emergenceis usualy late March-early April, with pesk
emergencein late April-early May. He has however, on rare
occasions, seen rattlesnakes at the densduring every month
of the year and has seen them on the roads as early as late
March. Milder winters permit occasond basking. With a
shalower frost line, one would expect overwintering dens to
be a a shallower depth on average than in areas further
north. One can predict that south of the 8° C January
isotherm, a line that runs across southeastern North
Cardlinaand through the Gulf states to northeastern Texas,
most dens should be shalow individua sheltersand sporadic
basking should occur a anytime there is favorable weather
in the winter. The observaions by Hamilton and Pollack
(195H) in Georgia, and (Waker, 1963 in Louisiana, lend
support to this hypothesis. Allen and Neill (1980) however,
apparently referringto Richmond County located in the Fall
Line section of Georgia, report 81 rattlesnakes taken from a
den. They did not provide details.

Some aspects of the phenology of C. horridus are quite
similar to that reported for other North temperate zone
viperidssuch as C. viridisin western North America, (Diller
and Wallace, 1985 Duvall & a, 1985 Gannon and Secoy,
1985 Macartney, 1985) Agkistrodon contortrix, in eastern
North America(Fitch, 1980); and Vipera bents (Saint Girons,
1952, 1981, Duguy, 1963 Naulleau, 19686, Viitanen, 1%,
Prestt. 1971; Phelps, 1978, Nilson, 1980 Andren, 1982) in
Europe. For dl of these, first emergenceis usually in late
March or April, agenera emergencein late April or May,
followed by spring migration. Ovulation occurs late May-
June. Birthing occurs from early August to early October.
Thefall ingress may begin as early aslate August and ends
as late as early November. Jacob and Painter (1980) studied
C. viridis, in New Mexico where basking at the densduring
favorable weather in November and December occurred.
Milder fall and winter weather at that latitude alows
surface activity that is rarely noted further north.

Successful reproduction is a mgor requirement for a,
species throughout its range. The climate must permit
completion of gestation. At theclimaticfringesof aspecies
range, one might predict occasiond failures. Variation in
year-to-year timing of emergenceisimportant because of its
effect ontimingof parturition. Gestationistimed sothat it

is centered on the warmest time of the year. This means
ovulation should occur in late May or early June when
emergence occurs at the norma time, but with emergence
comingearly or late, ovulation isshifted accordingly. Fitch
(1949) noted 5week variationintimingof emergencefromyr
toyramongC. viridisinMaderaCounty, Cdifornia. | noted
pesk emergencevarying26 daysannually, from 18 April to
14 May (Table 2). We can predict that the timing of
emergence would vary morein climates with mild winters
because mogt snakes would over-winter in shalow shelters
where they are more easily roused by a few days of
unseasonably warm weather. Jackley (in Klauber, 1956)
reported that in South Dakota, C. viridisonly left thedens
about a week earlier than normal, during a year in which
first snakeswereon thesurfaceinlateMarch, dueto spring
comingamonth early. Apparently the deep denstherewere
dow to warm up in spite of warm air temperatures.

Apparently ovulation among al North temperate zone
snakes occurs at about the same time (late May-Jdune). This
dlowsgedtation to occur at thetime when temperatures are
most advantageous for gestation (Gregory, 1977). Saint
Girons (1982) noted that the date of ovulation in vipers
remained fairly constant in al temperate geographic arees.
Of course some year-to-year variation should be expected
because of variation in emergence dates. Climate limits the
distribution of this and other temperate region snakes,
primarily by the congtraints that it places on reproduction.
The active season must be of sufficient length and warmth
<0 that gestation can be completed on average, 1014 days
before hibernation. At the dimatic extremes we should
predict that, due to occasond years of subnormal tempera-
tures and above normal cloud cover, the pregnant femdes
must sometimes carry the unborn young into hibernation.
The consequences to the mother and young are unknown
but could probably be determined experimentdly in the lab.

Although parturition in temperate zone snakes aways
occurs in late summer or fall, fairly wide .year-to-year
variaion has been reported ranging in the different popu-
lations from as early as lateJuly to as late as October. The
gestation period of the timber rattlesnake, asis that of most
temperate zone snakes, is centered on the wannest time of
the year, June-August. Shine (1977) pointed out the impor-
tance of synchronizing the reproductive cyde in temperate
Zone snakes, o that gestation occurs when temperatures
arefavorable.

Blanchard and Blanchard (1940) showed that the length
of the gestation period is affected by temperature. They
found that each degree C was equivalent to 81 daysinits
effect on thelength of the gestation period in Thamnophis
sirtalis. Thisiswithintherangethat | found (1 degreeCwas
74 equivaent to 69-10 days). Fitch (1949, 1990); Viitanen
(2967); Gregory (1977); Macartney (1985); Saint Girons
(2982) and Charland (1989) haved| noted delaysinparturition
among temperate zone snakes caused by |ate emergence or
below normal temperatures and above normal cloud cover.
This becomesacritical factor only where aspecies climatic
limitsareapproached duetolatitudeor elevation. Macartney
(2989) found some births among C. viridis as late as 23
October in British Columbia, past the normd time of
hibernation in that areawhich isearly October. Macartney
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(1989) reported that neonates of that species entered hiber-
nation 1-7 daysafter moltingand femalesentered hibernation

1-14 days after parturition. Charland (1989) noted that .

pregnant femal e C. viridisinan outdoor enclosurestill had
not given birth by 4 October when they were released.
Viitanen (1967; reported that duringseverd yearsin Finland,
due to low temperatures, some pregnant female Vipera berus
had to carry the unborn young into hibernation. He dso
found a neonate on 10July apparently born in the spring.

A late summer-fall activity pesk has often been reported
for C. horridus (Neill, 1948, Liner, 1954 Walker, 1963
Minton, 1972, Gibbons, 1977, Dundee and Rossman, 1909).
There are at lesst four reasons for the late summer-fall
activity: 1) mating, 2) dispersa of neonates, 3) fall foraging,
and 4) fal migration.

CONCLUSIONS

The timber rattlesnake has evolved behaviors that alow
the various life history events to occur at the most advan-
tageous times. Endogenous rhythms strongly influence the
return to the overwintering dens—thus the calendar is the
best guide to predicting fall ingress. Nevertheess, various
vegetationd indicators provide the best indicator for predict-
ing springemergence. Endogenous rhythmsprobably influ-
encethetimingof theonset of the reproductive cydle, but the
duration of the cycleis strongly influenced by westher.

. Acknowledgements. — | thank the many persons who
have contributed observations and accompanied mein the
field. | egpedidly want to thank the following persons for

LITERATURECITED

ALEKSIUK, M. 1970. The effects of in vivo light and temperature
acclimation on in vitro regponses of heart rate to temperaturein a
cold-climatereptile, Thamnophissirtalisparietalis CanadianJ. Zoal.
4811551161 .

ALLEN.E. R,ANDW. T. NEILL 1950 The Cane-brake Rattlesnake.
Horida Wildlife. 518193%.

ANDERSON. P. 19%. The Reptiles of Missouri. The University of
Missouri Press, Columbia. Missouri. 330 pp.

ANDREN. C. 1982 Effectsof prey density on reproduction, foraging, and
other activitiesin theadder, Viperabents. Am@%bi&Remi ia381-%6.

BLANCHARD, F.N.,ANDF. c. BLANCHARD. 190 Fectorsaetermining
time of birth in the garter snake Thamnophissirtalissirtalis. Pap.
Michigan Acad. Sai. Arts Lett. 26:161-176.

BRAZATIS.P.197. Denizensof asecretunderworl d. Animal Kingdom.
Dec 1979-Jn. 198011418,

BROWN. W. S. 1982 Overwintering body temperatures of timber
rattlesnakes (Crotalushorridus)innortheasternNew Y ork. J. Herpetol.
16145150, ' :

,AND F. M. MACLEAN. 1983 Conspecific scent-trailing by

newborn timber rattlesnakes, Crotalus horridus. Herpetologica

39430436,
—————— D.w.PYLE. K. R GREENE. AND J B. FREDLAENDER. 198
Movements and temperature relationships of timber rattlesnakes,
~ (Crotalushorridus). J. Herpetol. 16151-161
BURGER,J. W. 1934 The hibernation habits of the rattlesnake of the
- New Jersey pine barrens. Copeia 1934:142.
BURT, C. E. 1933 Somedistributional and ecological recordsof Kansas
reptiles. Trans. Kan. Acad. Sd. 36186208,
CHARLAND, M. B. 198, Sze and winter survivorship in neonatal
western rattlesnakes (Crotalusviridis. Canadian). J. Zool. 67:1620-1625.
DILLER. L. V., AND R. L WALLACE. 1984. Reproductive hiology of the
northern Pacificrattlesnake (Crotal usviridisoreganus) innorthern
Idaho. Herpetologica 40:182-193.

taking me into their study sites, for assisting with fi
work, providingobservations, andfor conversationswhich*
havecontributed tomy understandingof reptilian hiberna-
tion and phenology in general and rattlesnake hibernation
and phenology inparticular: Fred Ackerman, TomAtkinson,
Claes Andren, Rick Baker, Victor Bates, W. S. Brown, Ed
Buck, Brent Charland, Furman Coggins, Costello Craig,
DanDéllatorre, Kevin Dodd, DaveDuvall, DougFraser, Bob
Fritsch, Brent Graves, Shawn Green, Bob Groves, Stephen
H. Harwig, Dave Holland, Dde Jackson, Peter Jacobson,
Frank Jerneicic, W. Jewell, Ben Kaghan, ChrisK earns, Dan
Keyler, Keith Langdon, Rich Legere, Joe Marek, Dave
Martin, D. Bruce Means, Art Moore, Norm Trout, Barney
Oldfield, Allen Peterson, Rick Potts, Jm Quickd, H. K.
Reinert, Clinton Runyon, H. Saint Girons, 0. Sexton, Art
Smith, W. H. Smith, Ken Stairs, Randy Stechert, David
Storment, Jeff Taylor, W. Timmerman, Ed Thompson, C. H.
Wharton, and R. Zappalorti. | thank J. Steve Godley, Joseph
C. Mitchdl and two anonymous reviewers for criticaly
reviewing this paper. | thank Henry Fitch, Richard Seigd,
and Richard Shine for reviewing an earlier verson of or
parts of this manuscript. |1 thank Rich Legere and Terry
Schwaner for hel p with thegraphicsand Margaret Burkman
for helpin programming the computer. | thank theNational
Park Servicefor granting me permits to do research in two
of the study aress. | thank the National Park Service staffs
a Shenandoah National Park, Virginia; Catoctin Park,
Maryland; and the Blue Ridge Parkway, Asheville, North
Caroling, for providing observetions.

DITMARS. R. L 1907. The Reptile Book. Doubleday. Doran. & Co,,
Garden City, New York. 472 pp. _

— . 1930 Raiding a snake den. New York Zool. Soc Bull. 3386

-. 190 A Fdd Book of North American snakes. Doubleday,
Doran, and Co. Inc. New York. 305 pp. =

DRDA, W. J. 1988 A study of snakes wintering in a smal cave. J.
Herpetol. 1-64-70.

DUGUY. R. 1933 Biologiedelalatence hivernadechez ViperaaspisL Vie
é Milieu 14311-143

DUNDEE, H. A., AND D. A. ROSSMAN. 198, The Amphibians and
Reptiles of Louisana. Louisana State Univ. Press Baton Rouge,
Louisana

DUVALL, D., M. B. KING. AND K. J. GUTZWILLER. 19 Behaviord
e%)Io_ogy and ethology of the Prairie rattlesnake. Nat. Geogr. Res
1:80-111.

FINNERAN, L. C. 1953 Aggregationbehavior of thefemal ecopperhead,
Agkistrodon contortrix mokasen. duringgestation. Copeia 196361-62.

FATCH. H. S. 1949, Study of snake populations of Centra Cdlifornia.
Am. Midi. Nat. 41513570,

-. 1988 Home ranges, territories, and seesond movements of
vertebrates of theNatural History Reservation. Univ. Kansas Publ.
Mus. Nat. Hist. 11:63-3%6.

-. 1980. Autecology of the copperhead. Univ. Kansas Publ.
Mus. Nat. Hist. 1385283

GALLIGAN,J.H.,ANDW.A.DUNSON. 197 Biology andstatusof timber
rattlesnake (Crotalushorridus) populationsin Pennsylvania. Bial.

GANNON, V. P.J,AND D. M. SECOY. 19%. Seasond and daily activity
patternsinaCanadianpopul ation of theprairierattlesnake. Crotalus
viridis viridis. CanadianJ. Zool. 638691

GIBBONS J. W. 1972 Reproduction, growth,andsexua dimorphismin
the canebrake rattlesnake (Crotalus horridus atricaudatus). Copea
1972-222-226.




Biology of the Pitvipers 277

——.1977. Snakesof the Savannah River Plant with Information
about Snakebite Prevention and Treatment. ERDA's Savannah
River Nat. Environ. Res. Park. SRO-NERP-1. 26 pp.

GLOYD. H. K. 1928. The amphibians and reptiles of Franklin County,
Kansas. Trans. Kansas Acad. Sd. 31115141

— . 1946. Some rattlesnake dens of South Dakota. Chicago
Acad. Sd. 9:87-97.

GRAVES. B. M. 1983 Pheromona mediation of prairie rattlesnake
defensivebehavior. Masters Thesis. University of Wyoming, Laramie,
Wyoming. 52 pp.

— . 198 Functions and causes of selected aspects of birthing
rookery useby prairieratlesnakes (Crotalusviridisviridis) in Wyoming.
Ph.D. thess. University of Wyoming, Laramie, Wyoming. 263 pp.

——————- D. DUVALL, M. B. KING. S. L LINDSTEDT, AND W. A.
GERN. 198. Initial den location by neonatal prairie rattlesnakes:
functions, causes, and natural history. Pp. 285334 in D. Duvall, D.
Muller-Schwarze and R. M. Silvergtein, eds. Chemica sgnds in
Vertebrates. Val. 4. Ecology, Evolution, and Comparative Biology.
Plenum Press, New Y ork, New Y ork.

GREGORY. P. T. 1977. Life-history parameters of the red-sded garter
snake (Thamnophissirtalis parielalis) in an extreme environment,
the interlake region of Manitoba. Nat. Mus. Canada Publ. Zodl.

131-44. e
HAMILTON, W. J, R, AND J A. POLLACK. 1% The food of some
crotalid snakes from Fort Benning, Georgia-Nat. Hist. Misc. 140:14.
HANKS.R.J,ANDV.P.RASMUSSEN. 1976. Simul ating soil temperatures.
J. Agron. Educ. 917-21.

HARWIG, S. H. 198. Rattlesnakes arewhereand when you find them. J.
Ohio Herpetal. Soc. 5163,

HOOK. L. 1936. Notes on thefood habits of the copperhead and timber
rattler. Ph.D. Thesis, Cornell Univ.

HOPKINS, A. D. 198 Biodimatics. U. S Dept. Agric. Misc. Publ.
280:1-188.

JACOB.J.S,AND C.W.PAINTER. 1980. Overwinter thermal ecology of
Crotalus viridis in the north-centra plains of New Mexico. Copeia
KAUFFELD, C. F. 19%/. Snakes and snake hunting. Hanover House.
Garden City. New York. 266 pp.

KEENLYNE.K.D. 1972 Sexual differencesinfeedinghabitsof Crotalus
horridus horridus. J. Herpetol. 6:234-237.

— . 1978 Reproductive cydes in two species of rattlesnakes.
Am. MidL Nat. 100:363-375.

KLAUBER. L. M. 1956, Rattlesnakes, 2 vols. University of California
Press. 1476 pp.

LINER. E. A. 1954 The herpetofauna of Lafayette, Terrebonne, and
Vermilion parishes, Louisana. Proc. Louisana Acad. Sd. 176686,

MACARTNEY,J M. 198. Theecology of thenorthern Pacificrattlesnake,
Crotalus viridis oreganus. in British Columbia. M. Sc. Thess.
University of Victoria, Victoria. British Columbia. 289 pp.

— . 19 Diet of the northern pacific rattlesnake, Crotalus
viridis oreganus in British Columbia. Herpetol ogica 45:299-304.

-, AND P. T. GREGORY . 1988 Reproductive biology of femae
(Crotalusviridis) in British Columbia. Copeia 198847-57.

MARTIN,J. R..ANDJ. T.WOOD. 1956 Notesonthepoi sonoussnakesof
the Disma Swamp area. Herpetologica 11:237-238.

MINTON, S. A. 1972. Amphibiansand Reptilesof Indiana. IndianaAced.
Sd. Monogr. 3:1-346.

MORGAN. A. H. 1939 Field book of animalsin winter. G. P. Putnam's
Sons, New York. 572 pp.

NAULLEAU. G. 196. Etude complmentaire de I'activit de Viperaaspis
dans la nature. Vie et Milieu 17:461-509.

NEILL W. T. 1948 Hibernation of amphibiansand reptilesin Richmond
County, Georgia Herpetologica 4:107-114.

NELSON, G. 1980. Malereproductive cycleof the European adder Vipera .

bentsanditsrelationtoannual activity periods. Copeia 1980:729-737.

NOBLE. G. K., AND H. J. CLAUSEN. 19%. The aggregation behavior of
Soreriadekayi and other snakes, with especid reference to thesense
organsinvolved. Ecol. Monogr. 6:271-316.

PARKER. W. S, AND W. S. BROWN. 1982 Comparative ecology- of two
colubrid snakes, Masticophist. taeniatusand Pituophis melanoleucus
deserticola in northern Utah. Milwaukee Pub. Mus. Publ. Biol. Geol .
7:1-104.

PETERSEN,R.C.,ANDR. W.FRITSCH. 1986. Connecticut'svenomous
snakes, thetimber rattl esnakeand northerncopperhead. StateGeol.
Nat. Hist. Surv. Connecticut Bull. 111:140.

PHELPS, T. W. 1978. Seasona movement of the snakes Coromdla
austriaca. Vipera berus. and Matrix natrix in southern England.
BritishJ. Herpetol. 5:775-791.

PRESTT. I. 1971 An ecologica study of the viper, Vipera berus in
southern Britain. J. Zool. (Lond.) 164:373418.

REINERT, H. K. 1984a Habitat separation between sympatric snake
populations. Ecology 65:478486.

— . 1984b. Habitat variation within sympatric snake popul a
tions. Ecology 6616731682

-, AND R. ZAPPALORTI. 1983 Fedd observation of the
asociation of adult and neonatal timber rattlesnakes, Crotalus
horridus, with possble evidence for conspecific trailing. Copeia
19831067-1080.

SAINT GIRONS, H. 1952. Ecologieet Ethologi desVipresdeFrance. Ann.
Des Sd. Nat Zool. (Ser. 11) 14:263-343.

. 181 Cycle annual et survie de quelques vipres dEurope:
Influence des temperatures exceptionellement devess de lannee
1976. Vie et Milieu 31:59-64.

- 198 Reproductive cycles of male snakes and their
relationships with climate and female reproductive cydes. Herpe-
tologica 38516

-, AND E. KRAMER. 1963. Le cycle sexud chez Vipera berus
(L) en Montagne. Rev. Suisse Zoal. 70:191-221.

SEIGEL. R. A. 1986. Ecology and conservation of an endangered
rattlesnake (Sstrurus catenatus). in Missouri, USA. Biol. Conserv.
B3IB346.

SEXTON. O.J, AND S. R. HUNT. 1980. Temperature relationships and
movements of snakes (Elaphe obsoleta, Coluber constrictor) in acave
hibemaculum. Herpetol ogica 36:20-26.

. AND K. R. MARION. 1981 Experimental analysis of
movementsby prairierattlesnakes, Crotalusviridis. during hiberna-
tion. Oecologia 51:3741.

SHINE. R. 1977. Reproduction in Australian eapid snakes. || Femde
reproductive cydes. Australian J. Zool. 25:653-656.

SMITH. D. D., R. POWELL, T. R. JOHNSON. AND H. L GREGORY. 1983
Life history observations of Missouri amphibians and reptiles with
recommendations for standardized data collection. Trans. Missouri
Acad. Sd. 173758,

STECHERT. R. 1980. Observationson northern snakedens. Herp Bull.
New York Herp. Soc. 157-14.

SWANSON, P. L 1952 The reptiles of Venango County, Pennsylvania.
Am. Midi. Nat. 47:161-182.

TREMBLY, F.J. 1970. Springtimebringsout rattlesnakes. Sunday Call
Chronicle, Allentown. Pennsylvania. April 17, 1970.

UNITED STATES DEPARTMENT OF AGRICULTURE. 1941 Climateand
man. Yearbook of Agriculture. U.S. Government Printing Office,
Washington. D.C. 1248 pp.

VIITANEN, P. 1967. Hibernation and seasond movements of the viper,
Vipera berus (L.) in southern Finland. Ann. Zool. Fenn. 4:472-546.
VOGT. R. C. 198L Natural history of amphibians and reptiles of

Wisconsin. MilwaukeePublicMus., Milwaukee. 205 pp.

WALKER. J. M. 1953 Amphibians and reptiles of Jackson Parish,
Louisiana. Proc. LouisianaAcad. Sd. 26:91-101. )

WHARTON. C. H. 1966. Reproduction and growth of the cottonmouth
Agkistrodonpiscivorousof Cedar Keys, Florida. Copela 1966:149-161.

WOOD, J. T. 1954. The distribution of poisonous snakes in Virginia.
Virginiad. Sd. 5:152-167.

WRIGHT. R. A. S. 1986. A natural history primer for the venomous
snakes found In the Blue Ridge Mountains of Virginia. Unpubl.
report to the National Park Service




